Introduction
Climatic changes through geological time have been estimated mainly on the basis of vegetation changes reconstructed by pollen analytical research for the world (e.g. Wright et al. 1993) as well as for Japan (e.g. Tsukada 1967 Tsukada , 1983 Ohmori and Yanagimachi 1998 circumstances, in order to investigate the effect of human-enhanced greenhouse warming on vegetation at high latitudes, the International Tundra Experiment (ITEX) was established in 1990. The ITEX project has promoted research mainly on phenology and reproduction (Henry and Molau 1997) . However, the processes of changes in vegetation living in a competitive world have scarcely been discussed. In order to understand deeply the vegetation changes with climatic change in geological time and for pre diction of the vegetation changes due to global warming, studies on processes of vegetation change are necessary. In particular, changes in composition of plant community due to climate warming should be investigated.
The mid-latitude high mountain areas are sensitive to climatic changes because of the changeable positions of the Polar Fronts mi grating over the mid-latitude. They have also severe environments for vegetation growth be cause of the unfavorable climatic conditions of cold, snowy and windy weather and of the poor soil conditions of thin, gravelly, less nutrient earth.
Thus, the plant communities in these areas should be extremely competitive associa tions. Therefore, alpine plants in mid-latitude are expected to show visible changes with cli mate warming.
Moreover, the height of alpine plants is relatively low and a unit of plant community occupies a small area. This indi cates that it is easier to measure their growing rates and other properties of individual plant without disturbance of plant composition and soil structure in an actual field.
An alpine plant community is a kind of full community consisting of woody and herba ceous plants. It shows a competitive society of plants similar to other vegetation zones. Thus, the field experiment for warming effect on a full plant community at a mid-latitude high moun tain area is expected to give valuable informa tion about the vegetation changes due to cli mate warming of other vegetation zones. In mid-latitude alpine zones such as high moun tains in Japan, some experiments for the cli mate warming-vegetation response have been conducted in association with the ITEX project. Very small numbers of research papers, how ever, are available (Nakashinden et al. 1997 ; Suzuki and Kudo 1997; Fukuyo et al. 1998; Iguchi et al. 1998; Wada 1998) 
Artificial warming
Form of open top chamber (OTC) and control ( CTRL) In order to make microclimate warm
ing, an open top chamber (OTC) was used. The main body of the chamber was made of pen tagonal transparent acrylic resin boards with a thickness of about 5mm. It was 335mm in height; the top and base of trapezium were 290 mm and 490mm long, respectively.
The maxi mum open-top diameter, the maximum basal diameter and the height of the chamber were 470mm, 800mm and 300mm, respectively. Five OTCs were placed over plant communities (Photo 2). In order to compare temperatures and vegetation changes in OTC with those un der the natural conditions, a square area (500 mm X 500mm each) close to each OTC was se lected as the control (CTRL) .
The open top chambers were set just after snow was uncovered in early June, except for the first year when they were set in mid-July, and they were removed just before snowfall in early October, every year. Thus, the observa tion duration was about 4 months, although the starting day and ending day of observation varied by year, depending on the snow condi tions. The experimental site was covered with snow (about 3m in average maximum thick ness) during the period from early October to the next year's late May or early June.
All of OTCs and CTRLs were used for obser vation of phenology. CTRLs are shown in Table 3 . Because some stems were damaged in the way of observation, number of observed stems for each species is finally not always 15 stems. Mean growth rate of each species was calcu lated as the arithmetic mean of growth rates of observed stems. Using mean growth rate, stan dard deviation and number of stems, the diffe rence in mean growth rates between OTCs and CTRLs was tested by a t-test with a level of significance of 5%.
Phenology
Phenological development of all species se lected was observed in all experimental plots. On each observation day, current leaves, flo wers, fruition, and coloring were ranked accord ing to the developing stage; 1: sign of start, 2: in progress and 3: completion, for each phenologi cal aspect. The criteria are as follows.
Current leaves: stage 1: one stem with folia tion but other stems without leaf in the plot, stage 2: about half of the observed stems folia tion but other stems with no new leaf, and stage 3: all stems with foliation. Fruition: stage 1: a small and green colored fruit appears on a stem in the plot, stage 2: many fruits increase in size and some fruits are in coloring for maturity, but others are not in coloring, stage 3: all fruits are in coloring.
Coloring of leaf: stage 1: some leaves are col ored but others are green in the plot, stage 2: about half of the leaves are colored but others are still green, stage 3: all leaves on the stems are colored, though some leaves have fallen.
Wilting indicates occurrence of death of leaves of Carex scita and Sieversia pentapetala due to low temperature accompanying frost. Almost all leaves were damaged by the first severe frost.
Phenology was examined by each phenologi cal aspect. On the basis of the raw data in each plot, average stage (1 or 2 or 3) of each pheno logical aspect was evaluated for each OTCs and CTRLs on every observation date. Table 3 . The differences in vegetation growth between OTCs and CTRLs were significant for the t-test at the 5% level, except for those of Vaccinium vitis-idaea in 1997 and 1998 (Table 3) . Seasonal changes in vegetation growth are shown in Fig  ures 4a , b, c and d, for each species.
Empetrum nigrum (Figure 4a ) Empetrum nig rum is the most dominant species in and around the experimental site. In 1997, the experimen tal period was three months due to the late start of measurement in mid July. OTCs and CTRLs was significant for the t-test at the 5% level (Table 3 ). In 1998, difference in vegetation growth between OTCs and CTRLs was 6.4mm. In 1999, difference in vegetation growth between OTCs and CTRLs was 3.7mm. Carex scita (Figure 4b ) Carex scita is a de ciduous perennial herb with a high growth rate of about 15-20cm a year. On the first observa-tion day of the year, budding has started and the stems were around 2-5cm in length. In 1997, due to the late start of measurement, difference in vegetation growth between OTCs and CTRLs was only 2.2mm.
Differences in vegetation growth between OTCs and CTRLs was 1.05mm in 1998 and 110mm in 1999.
Loisereuria procumbens (Figure 4c ) Loisereu ria procumbens is the second dominant species next to Empetrum nigrum in and around the experimental site. In 1997, difference in vegeta tion growth between OTCs and CTRLs was only 1.5mm.
In 1998, vegetation growth in OTCs was 1.8mm, while samples in CTRLs never grew and reduced in length, -0.3mm due to withering of some stem tops by frost. The difference was 2.1mm for the calculation. In 1999, difference in vegetation growth be tween OTCs and CTRLs was 2.1mm.
Vaccinium vitis-idaea (Figure 4d ) Vaccinium was 6.5mm, and that in CTRLs was 1.5mm. The difference was significant (Table 3) .
Phenology of individual species is shown in Figures 5a, b, c, d , a and f. Conspicuous diffe rences in phenology between OTCs and CTRLs are as follows.
Empetrum nigrum (Figure 5a ) In 1997, on 21 June, flowers in OTCs were in stage 2, while For these two years, biomasses in OTCs were less than those in CTRLs. In 1999, biomass in OCTs, 15.37g/225cm2, is larger than that in CTRLs, 14.08g/225cm2.
All of the differences in biomass between OTCs and CTRLs were small and not significant at the 5% level (Table 4) .
Plant coverage
Examples of changes in coverage through three years are shown in Figure 6a by an OTC 
Vegetation growth
It is believed that the more temperature rises, the more plant grows, with the exceptions of extremely high or low temperatures that causes burning and freezing.
Some researchers re ported this evidence from their experiments using open top chamber for enhancing tem perature (Havstrom et al. 1993; Kojima et al. 1997; Wagner and Reichegger 1997) . Also, ac cording to Zhang and Welker (1996) , in particu lar, grass is more sensitive than forb. From our experiment, in spite of a small temperature en hancement, some evidence of these idea men tioned above were confirmed and also new evi dence has been discovered.
They are summa rized below.
(1) Vegetation growth is significantly af fected by temperature enhancement for most of the plants observed (Table 3) . Both air and ground temperatures were higher in OTCs than in CTRLs. On the basis of the t values (Table 1) , the differences of mean daily air temperature are remarkably larger than those of mean daily ground temperature.
Thus, the air temperature enhancement might have a greater influence on vegetation growth than the ground tempera ture enhancement.
(2) Plants grow markedly during June and July. They are still stand in growth during August and September (Figures 4a-d) .
The differences in vegetation growth rate between OTCs and CTRLs were summarized for the early period and the later period of the observa tion period of each year (Table 5 ). The early period and the later period correspond approxi mately to the first half term and the second half term for temperature, respectively. Table 5 shows that the seasonal changes in growth rate were larger in the first half (during June and July) than in the second half (from August to October), in spite of the same degree of tempera ture enhancement for both terms (Table 1) . Thus, it can be said that effect of temperature enhancement on vegetation growth appeared remarkably during June and July; that is, dur ing the period from early spring to summer, for our experiment. During the second half, plants do not grow conspicuously both in OTCs and CTRLs. Especially in 1997, due to the late start of measurement in mid-July, the differences in growth rate between OTCs and CTRLs were markedly small in comparison with those in the second and third years (Table 5) , even if the results of t-test for the differences were sig nificant for all the species observed (Table 3) .
It has been pointed that the extension of growth period affects plant growth (Zhang and Welker 1996; Suzuki and Kudo 1997; Fukuyo et al. 1998) . On the basis of our observation, how ever, the temperature enhancement from early spring to early summer is the most effective for vegetation growth rather than the extension of growth period. From the phenological aspect, leaf coloring started generally earlier in CTRLs than in OTCs. For example, Empetrum nigrum in CTRLs showed the stage 2 of coloring even in August, 1999, while the coloring showed the Table 5 . Vegetation growth rate and differences between OTCs and CTRLs (mm) during the early period and the later one of the observation period in each year
Growth rate: increment in length during the period. Dif.: Difference (=OTCs-GTRLs).
stage 1 in OTCs (Figure 5a ). Carex scita in CTRLs was also in the stage 2 of coloring in August, 1997 and 1999 (Figure 5b) , indicating the more progressed stage than that in OTCs. These indicate that the plants in CTRLs were already less vital than those in OTCs in August, and suggest that the remarkable difference in vegetation growth between OTCs and CTRLs during the period from early spring to early summer was due to the accelerated photosyn thesis by temperature enhancement in OTCs in the period. For the later period after August, fruition of some species in OTCs advanced rather than that in CTRLs as shown by Empe trum nigrum in 1999 ( Figure 5a ) and Loisereuria procumbens in 1997 ( Figure 5c ). These suggest that vegetation growth became less, resulting in less difference in growth rate between OTCs and CTRLs, due to the alteration in usage of photosynthetic production from stem growth to fruit production. The effect of growth period extension on vegetation growth for the next year can not be examined at this time, although phenology is surely affected by the extension of growth period as discussed in the later section.
(3) The responses in terms of vegetation growth by temperature enhancement varied among species. Carex scita (herb) showed re markably positive responses.
On the basis of the ratio of growth to standard stem length of species, Loisereuria procumbens responded more positively than Empetrum nigrum. Vaccinium vitis-idaea did not always show positive re sponses, indicating unstable response to warm ing.
(4) Wind protection effect by the chamber on vegetation growth might be negligible for our experiment.
Because the experimental site was set in a pocket of Pinus pumila scrub, wind was potentially weak. Then, a serious difference in wind speed could not occur between OTCs and CTRLs. In high altitude areas of Mt. Norikura, plants in wind-blown areas are certainly shorter than those in less windy areas for all species, pointing to the fact that strong wind may have a negative impact on vegetation growth (e.g. Marion et al. 1997) . Vaccinium vitis-idaea in CTRLs, however, grew larger than in OTCs in 1997 (Figure 4d ), suggesting that the physical impact of wind on vegetation growth was weak at our experimental site.
An experiment for investigation of wind effect on alpine plants was conducted in wind blown alpine areas on Mt. Kiso-komagatake (2,956m a.s.l.) in the Central Japanese Alps, 40 km southeast from Mt. Norikura (Fukuyo et al. 1998) . Five wind-shields, whose shape and size are similar to the ITEX corner, were set on wind-blown alpine dwarf shrub communities. The experiment showed that mean vegetation height temperature, mean soil temperature and mean relative humidity in wind-shield plots were not seriously different from those in con trols. And the results indicate that there was no significant difference in vegetation growth for mat-shaped growth forms of plants such as Diapensia lapponica (Diapensiaceae) between wind-shield plots and controls. It indicates that the wind protection by the chamber does not significantly affect vegetation growth.
Phenology
Phenological studies have been conducted by many researchers in tundra areas (e.g. Molau and Shaver 1997; Welker et al. 1997 ) and in alpine areas (e.g. Alatato and Totland 1997; Wagner and Reichegger 1997) . In Japan, only a few researches have been performed (e.g. Naka shinden et al. 1997; Fukuyo et al. 1998; Wada et al. 1998; Iguchi et al. 1998) . They showed posi tive effects of warming on phenology.
The results, however, were not always positive. Some negative results have been reported (Stenstrom et al. 1997 ). In our experiment, un der small temperature enhancement, some posi tive and negative results were obtained. They were summarized as follows.
(1) All of the species observed postponed both starting and ending of leaf coloring under tem perature enhancement.
(2) Empetrum nigrum showed that fruition was sometimes progressed more under warm ing condition. It corresponds to the more pro gressed flowering in OTCs than in CTRLs. Vac cinium vitis-idaea, however, showed that some times fruition was less progressed. It should be due to the prolonged flowering in OTCs than in CTRLs. Loisereuria procumbens produced more fruits under temperature enhancement. It might have resulted from the number of flowers From the results mentioned above, it can be concluded that all species keep green leaves for longer period by temperature enhancement. It indicates that the period of photosynthesis and nutrition extends. For deciduous plants, how ever, when severe cold climate attacks them, wilting occurs at any stage of current leaves. Increase in production of fruits might be due to the physiological activities accelerated by tem perature enhancement.
Biomass
Biomass in OTCs was less than that in CTRLs in 1997 and 1998, while in 1999, biomass in OTC was larger than that in CTRLs. Diffe rences in biomass between OTCs and CTRLs were small for all years and not significant (Table 4) . For biomass changes in warming experiment, some positive results were re ported (e.g. Molgard and Christensen 1997; Welker et al. 1997) . In those cases, however, the shoot height of one species was measured. In our research, however, total aboveground bio mass per unit area was measured because bio mass should be the total weight of the living components (in this case, plants) in an ecosys tem at any moment, usually expressed as dry weight of all plants in unit area (Allaby 1992).
In arctic tundra, some species increased in growth while other species reduced in growth, and total production (biomass) remained the same under modified environmental conditions (Chapin et al. 1995) . It was pointed out that the conditions favorable for some species are less favorable for other species, and that low nutri ent level available to plants in tundra might constrain primary production.
In Tibetan al pine tundra, dry weights of individual life forms such as grass, sedge and forb were meas ured and their seasonal changes were examined (Zhang and Welker 1996) . It showed that diffe rences in dry weight between minigreenhouses and controls varied with life form, and that biomass was not different between warmed and control conditions.
It was considered that warmer conditions in soils might have elevated soil mineralization and increased nutrient pools available to plants, and that the ability to ac quire nutrients in a competitive setting varies by life forms with different sensitivity to tem perature (Zhang and Welker 1996) . As described above, it is considered that vegetation growth and biomass are regulated with the quantity and quality of nutrients at the areas of poor soils. Our experimental site was located on gravelly land with thin soil layer less than 3-5cm on a high volcanic moun tain. Water of springs maintained by shallow groundwater coming from the areas surround ing the experimental site shows an extremely low content of dissolved ions. Average ion concentration of Na+, K+, Ca2+, Mg2+, Cl-, NO3-and SO42-in the water is less than 2.2 ppm. It is close to that of precipitation at the summit of Mt. Norikura, 0.7ppm, and markedly less than the average ion concentration of Japa nese rivers, 36.2ppm (Anazawa and Ohmori 2000) . It indicates that the soil at the experi mental site is in an extremely low nutrient condition. Enhancement of air and soil tem peratures might accelerate physiological activi ties such as photosynthesis and nutrition for most species. Temperature enhancement, how ever, might be more favorable for some species like Loiseleuria procumbens and Carex scita than others, leading them to capture relatively more nutrients. It must result in deficient nutrient condition for others under a serious competi tion among species. Vegetation in our experi mental site is in a climax phase. It indicates that the total production of plants in unit area might be the maximum according to the nutri ent level of the site. At the site with a poten tially low nutrient level, increase in biomass due to warming should be limited at a low level, even though ground temperature enhancement increases nutrient pools available to plants. That may be why the biomass did not show a recognizable difference between OTCs and CTRLs. Now, we should pay attention to the fact that, because the plots for biomass measurement were moved and newly set for each experimen tal year, cumulative effect of warming on bio mass for some yeas can not be evaluated. Effect of temperature enhancement on root growth also can not be analyzed on the basis of our experiment.
Difference in biomass between OTCs and CTRLs might not be recognizable only for one year, if the difference is small, collecting practice is rough and measurement precision is low. Changes in coverage discussed in the next section may show the cumulative effect of warming on vegetation ecology.
Plant coverage
Studies on the change of community by ex perimental warming are very few. On the basis of the results from an experiment at the north ern Swedish Lapland for 3 years, evergreen Cassiope tetragona had low competitive ability under a warmer condition and decreased in re productive success by overgrowth of vigorous gramineous canopy ). In our research, the tentative results for the changes in coverage of species under experimental warming are summarized below.
At the end of the first year experiment, any changes in coverage were not recognized.
In the second year (1998), Loisereuria procumbens (Lo) showed a sign of increase in coverage in OTCs (Figure 6a ), while there was no change in coverage in CTRLs (Figure 6b ). The increased coverage in OTCs was too small to confirm the increase. In the third year (1999), the coverage of Lo increased visibly in OTCs (Figure 6a ). Because Lo grew in creeping, Lo extended can opy, overcoming other species in OTCs. In the same year, Empetrum nigrum (Em) did not in crease in coverage and even some of Em died in OTCs (Figure 6 ), although vegetation growth of Em was larger than that of Lo (Tables 2 and 3 ). In CTRLs, on the contrary, Lo did not increase in coverage at all even in the third year, and also some of Em died (Figure 6b ). Other forb species such as Vaccinium vitis-idaea (Va), Siev ersia pentapetala (Si) and Schizocodon soldanel loides f. alpinus (Sc) did not show any changes in coverage both in OTCs and CTRLs. Carex scita also did not change in coverage. On the basis of these results, it may be said that the temperature enhancement made Lo more active in increasing in coverage than other species. The possible reasons might be that Loisereuria procumbens captured much nutrient due to the accelerated photosynthesis and easily extended canopy, resulting in disturbing the increase in coverage of other species.
In our research, effects of temperature en hancement were recognized for all ecological aspects observed except for biomass. The effects appeared with variations by species, that is, some species grew more and extended their canopies under temperature enhance ment. The results of coverage measurement suggest that under a warming condition, Loisereuria procumbens, which has increased in coverage, might become dominant in terms of exchanging from Empetrum nigrum which is now dominant in our experimental site. How ever it will take a long time to confirm the whole trend of vegetation change under ex pected warming in the future.
In order to achieve this object, continuous study will be needed presumably for several years. Our experimental research is short term, but it showed some new aspects of vegetation responses to temperature enhancement.
They might lead to more new discoveries of ecological dynamics in future studies. 
